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BACKGROUND AND SUMMARY OF THE WORKSHOP ON EARTHQUAKE HAZARDS
IN THE PUGET SOUND, WASHINGTON AREA
by
Walter W. Hays and Paula L. Gori
U.S. Geological Survey
Reston, Virginia 22092

INTRODUCTION

One hundred and two geologists, seismologists, engineers, social scientists,
emergency planners, and public officials participated in a 3-day workshop on
"Earthquake Hazards in the Puget Sound, Washington Area,” held in Seattle,
Washington, October 29-31, 1985. The workshop was scheduled to coincide with
the establishment of a special task force appointed by the Governor of
Washington to consider the formation of a Washington State Seismic Safety
Council. The first two days, attended by 85 people, followed an interactive
problem-solving format and had a comprehensive scope. This part of the 3-day
meeting was cosponsored by the U.S. Geological Survey (USGS), the Federal
Emergency Management Agency (FEMA), the Washington State Department of Natural
Resources, and the Washington State Department of Emergency Management. The
third day of the meeting, attended by 27 people, was a special extension of
the workshop which was organized as a meeting of a "working group” of experts
on subduction zone earthquakes and earthquake preparedness. Ten of these
participants also attended the first two days of the workshop. The meeting of
the "working group” was cosponsored by the USGS and the U.S. Nuclear
Regulatory Commission (NRC). The goal of the "working group” was to discuss
the potential for a great subduction-zone earthquake in the Puget Sound area
and to define a research agenda that would resolve two questions in the next 3

to 5 years:

1. Does geologic evidence exist in the Puget Sound area for large

prehistoric subduction-zone earthquakes?

2. How can the current pattern of convergence, deformation, and the

configuration of the plates be determined?
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The Puget Sound workshop was the thirty-third in a series of workshops and
conferences that USGS has sponsored since 1977 under the auspices of the
National Earthquake Hazards Reduction Program, usually in cooperation with
FEMA and one or more other Federal or State agencies and institutions. Each
workshop and conference has a general goal of improving mitigation of
earthquake hazards by bringing together producers and users of earthquake
hazards knowledge to discuss: a) technical issues, b) mitigation issues, and
c) ways to resolve them. In addition, each workshop has a specific goal of
strengthening the current research and earthquake-hazards-mitigation
activities in the State or region. In this workshop, the specific goals were

to:

1. Review the results of current research studies in the Puget Sound

areae.

2. Review the lessons learned from past earthquakes in the Puget Sound
area and in other parts of the world that are transferable to the

Puget Sound area.

3. Review the body of knowledge accumulated for other subduction zones of .
the world and discuss the similarities and dissimilarities of the
Puget Sound area, in terms of earthquake potential and the nature and

extent of earthquake hazards with other subduction zones.

4. Review the status of ongoing earthquake preparedness, education, and

planning programs in the Puget Sound area.

5. Recommend a range of achievable actions that are needed in the Puget
Sound area to reduce potential losses from earthquake hazards and to
accelerate progress in research and implementation of loss-reduction

measures in the next 3 to 5 years.

JBT7 D0/25



HISTORICAL SEISMICITY OF THE WASHINGTON AND OREGON REGION

The Washington and Oregon region as a whole is characterized by a low-to-
moderate level of seismicity in spite of the active volcanism of the Cascade
Range. Table 1 lists the most important earthquakes that have occurred in the

region. The three most recent damaging earthquakes were:

1. 1965 Seattle earthquake--This magnitude (MS) 6.5 earthquake occurred

between Tacoma and Seattle on April 29, 1965, with a focal depth of
about 59 km (35 mi). It was felt over 337,000 kmz. It caused damage
of $12.5 million (actual dollars). Seven people were killed.

2. 1949 Olympia earthquake--This magnitude (MS) 7.1 earthquake occurred
between Olympia and Tacoma on April 13, 1949, with a focal depth of
about 70 km (42 mi). It was felt over some 390,000 km2
damage of $25 million (actual dollars). Nearly all tall buildings in

and caused

Olympia were damaged. Eight people were killed.

3. 1872 Pacific Northwest earthquake--This December 14, 1872, Pacific

Northwest earthquake was felt over a wide region extending from the
Pacific Coast to Montana and from British Columbia to central

Oregon. Although this earthquake predated instrumental seismology,
the available data suggest that it had a shallow depth of focus and an
epicentral intensity of about IX on the Modified Mercalli Intensity
scale. The precise location of the epicenter is still somewhat

controversial.

SEISMICITY IN THE PUGET SOUND, WASHINGTON AREA!

Since 1840 nearly 1,000 earthquakes large enough to be felt by residents have
occurred in the State of Washington. Many of these caused localized property

damage. Some past earthquakes were felt throughout Washington, northern

1 This section is reprinted with minor editorial changes from Noson, Linda, 1984
"Seismic Summary,” Washington Geologic Newsletter, v. 12, no. 2, pp. 2-4.
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Oregon, and southern British Columbia. Two of these events, a magnitude 7.1

in Olympia (1949) and a magnitude 6.5 between Tacoma and Seattle (1965),

caused damage totaling well in excess of $200 million (1983 dollars), many

injuries, and 15 deaths. Seismologists agree that earthquakes comparable to

those in 1965 and 1949 will recur in Washington State.

of

TABLE 1. HISTORICAL SEISMICITY OF THE WASHINGTON AND OREGON REGION

(From Algermissen, S. T., 1983, An introduction to the seismicity
the United States, Earthquake Engineering Research Institute Monograph,
El Cerrito, California, 148 p.)

Date Location Maximum Magni tude
MMI (1)) (Approx. M)
o S
Dec. 14, 1872 Near Lake Chelan, WA IX (7.0)
(Probably shallow depth
of focus)
Oct. 12, 1877 Cascade Mountains, OR VIII
Mar. 7, 1893 Umatilla, OR VII
Mar. 17, 1904 About 60 km NW of Seattle VII
Jan. 11, 1909 North of Seattle, near VII
Washington/British Columbia
Dec. 6, 1918 Vancouver Island, B.C. (VIII) 7.0
Jan. 24, 1920 Straits of Georgia (VIID)
July 16, 1936 Northern Oregon, near VII (5.7)
Freewater
Nov. 13, 1939 NW of Olympia VIl (5.8)
(Depth of focus about 40 km)
April 29, 1945 About 50 km SE of Seattle VIiI
Feb. 15, 1946 About 35 km NNE of Tacoma Vi1 6.3
(Depth of focus 40-60 km)
June 23, 1946 Vancouver Island (VIII) 7.2
April 13, 1949 Between Ol ympia and Tacoma VIII 7.1
(Depth of focus about 70 km)
April 29, 1966 Between Tacoma and Seattle VIII 6.5
(Depth of focus about 59 km)
Note: Numbers in parentheses are best estimates.
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Recent studies (Heaton and Kanamori, in press; Savage, Lisowski, and Prescott,
1981; Weaver and Smith, 1983) suggest that many more damaging earthquakes than
those that have already occurred in the State in historic times are possible.
Weaver and Smith discuss recent seismic data from southwestern Washington that
outline a 90 km (54 miles) nearly north-south striking crustal earthquake zone.
They have interpreted this as a fault capable of generating a moderate- to large-
magnitude shallow earthquake. The general tectonic model proposed by Weaver and
Smith to explain recent earthquake observations in Puget Sound makes it necessary
to consider the possibility of an earthquake comparable to the devastating
magnitude (MS) 8.5 Prince William Sound, Alaska earthquake in 1964.4 The Alaska
earthquake has been assigned a moment magnitude (Mw) of 9.2, the second largest
event in this century. Neither a sizable shallow earthquake in southwestern
Washington nor a large Alaska-type event have been considered in the current
assessment of the earthquake hazards and risk for Washington. The 1964 Alaskan

earthquake was a subduction zone earthquake (Figure 1).

On the basis of past earthquake activity, the Applied Technology Council (1978)
assigned most of the Olympics, Puget Sound, and the north Cascades a seismic
hazard index of 4 on a scale of 1 (lowest) to 4 (highest) in regard to expected
levels of ground accelerations and ground velocities. The seismic hazard index
is used in the devel opment of seismic regulations for the design of buildings.
Even without considering the interpretation of recent seismic data, which
suggests the possibility of even larger ground accelerations and ground
velocities, most of Washington has been classified as an area of high earthquake

risk.

When the possibility of a large damaging earthquake is discussed, most people
assume one is talking about California, Alaska, or perhaps Turkey. Those three
areas do have a higher recurrence rate for damaging earthquakes than the Puget
Sound area. Public awareness of an indigenous earthquake hazard is likewise
greater in those areas than in areas such as the Puget Sound where such
earthquakes occur less frequently. Consequently, more effort and funding have
been devoted to finding ways to reduce the personal and economic effects of
future earthquakes in those locations. Unfortunately, in places like Washington
State where such earthquakes occur less often, public awareness of the potential

dangers and losses from earthquakes is disturbingly low.
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Figure l.--Schematic illustration of the physical processes taking place in a
subduction zone where one tectonic plate is slowly being thrust over
another tectonic plate. In the Puget Sound area, the North American
plate is being thrust over the Juan de Fuca plate at a rate of
approximately 3 cm/yr. Many aspects of this process are still
controversial in the Puget Sound area and many technical issues are
unresolved, including: 1) the present day rate of convergence, 2) the
physical features and seismic coupling of the Juan de Fura and North
American plates, 3) the capability of the subduction zone to rupture and
produce large to great earthquakes, and 4) the range of magnitudes,
recurrence intervals, and physical effects of future potential
earthquakes.
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Without awareness, the motivation to act effectively to develop and implement

earthquake hazards reduction measures is absent.

The earthquake risk in the State of Washington cannot be restricted to one
jurisdiction. Past large earthquakes located deep beneath southern Puget Sound
were felt strongly in the State and caused significant damage throughout western
Washington. More catastrophic events would similarly affect large areas. The
economic impact of severe damage to the major metropolitan areas of the State
would adversely affect all State resources. Eastern Washington has had moderate,
very shallow earthquakes historically. The shallow depth of eastern Washington
earthquakes limits the area somewhat over which damages are high, but increases
the degree of damage near the epicenter. Therefore, earthquakes must be seen as

a statewide concern.

GROUND-SHAKING HAZARD IN THE PUGET SOUND, WASHINGTON AREA

An earthquake in the Puget Sound area can cause the hazards of ground shaking,
ground failure, surface fault rupture, regional tectonic deformation, seiches,
and (depending on the hypocentral location) tsunamis (Figure 2). Each of these
physical phenomena (hazards) can cause damage, economic losses, loss of life,

injuries, loss of function, and loss of confidence.

The ground-shaking hazard usually causes the greatest percentage of damage and
losses, although ground failures and tsunamis can also be very devastating.
Representations of the ground shaking hazard can be either deterministic or
probabilistic (for example, see publications by Ihnen and Hadley, 1984;
Algermissen and others, 1982). Each type of representation has its particular
value in applications. The probabilistic mode of representation (Figures 3-6)
are becoming more common and are now being applied in the devel opment of zoning
maps in building codes (for example, the 1978 Applied Technology Council model
building code) and in the formulation of design criteria for critical facilities

that require large margins of safety.
The most important ground-motion parameters are : 1) amplitude, 2) spectral

composition, and 3) duration of shaking. Although some controversy still exists

over procedures for defining the ground-shaking hazard in terms of these three
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Figure 2.--Schematic illustration of the types of physical phenomena (hazards)

that an earthquake in the Puget Sound area can cause.

Each phenomenon

(hazard) can cause significant damage and losses unless mitigation
strategies have been implemented in each urban area.
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Figure 3.--Comparison of the ground-shaking hazard in terms of peak horizontal
bedrock acceleration and exposure time for the Seattle area and several
other parts of the United States. The potential amplifying effects of
soil must be considered separately. Although some controversy exists
over absolute values of peak rock acceleration at a location, the

relative values for a given exposure time are stable between locations.
(From Algermissen and others, 1982).
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Figure 4.--Map showing the ground-shaking hazard in Washington and Oregon in
terms of peak horizontal bedrock acceleration and a 10 year exposure
time. The effects of soil must be considered separately. The values of
acceleration have a 90 percent probability of nonexceedance (From
Al germissen and others, 1982).
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Figure 5.--Map showing the ground-shaking hazard in Washington and Oregon in
terms of peak horizontal bedrock acceleration and a 50 year exposure
time. The values of acceleration have a 90 percent probability of non-
exceedance (From Algermissen and others, 1982). Such a map is typically
used in building codes. An ordinary building has a useful life of about
50 years.
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Figure 6.—-Map showing ground-shaking hazard in Washington and Oregon in terms
of peak horizontal bedrock acceleration and a 250 year exposure time.
The values of acceleration have a 90 percent probability of non-
exceedance (From Algermissen and others, 1982).
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parameters, the data and the state-of-knowledge has advanced to the point that
realistic representations can now be made. The process requires: a) considerable
research, b) synthesis of existing data, and c¢) utilization of new data and
understanding gained from damaging earthquakes in areas having anal ogous tectonic

settings. It is illustrated schematically in Figure 7.

THE REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS PROGRAM ELEMENT OF THE NEHRP

Beginning October 1, 1983, the USGS initiated the program element, "Regional
Earthquake Hazards Assessments.” This element, a part of the National Earthquake
Hazards Research Program (NEHRP), was created to develop the basic information
and the partnerships needed for evaluating earthquake hazards and assessing the
risk in broad geographic regions containing important urban areas and to provide
a technical and political basis for devising loss-reduction measures that can be
implemented by local govermments. The goal is to provide an integrated program
having comprehensive research goals and producing generic information that can be
used to reduce potential earthquake losses in urban areas. The scientific
emphasis is on developing a fundamental physical understanding of the cause,
frequency of occurrence, and the physical effects of earthquake ground shaking,
surface faulting, ground failure, and tectonic deformation in various geographic
regions. This program element requires a high degree of team work, utilizing
technical and nontechnical skills, to accomplish the goals of each task. Users
of the information produced by this program (for example: agencies of Federal,
State, and local governments involved in emergency response, building safety, and
planning) cannot find such an integrated synthesis and evaluation of earthquake
hazards in the scientific literature. Also, loss estimates have not been updated
in most urban areas for many years and the risk may be seriously underestimated

due to the sharp increase in buil ding wealth and construction.

The interrelated tasks of the program element are described below:

Task 1: Information Systems - Because each research project produces basic

data and information, the goal is to produce a comprehensive information
system, available to both internal and external users, designed to give a

data base that is as uniform in quality and as complete on a regional and

B0 23012C
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Figure 7.--Schematic illustration of the wide range of topical studies that

must be performed to define the ground-shaking hazard in an urban area.
The most important physical parameter controlling the amplitude, spectral
composition, and duration of the free-field ground shaking at a site
include: 1) earthquake occurrence (seismicity, recurrence rates),

2) fault mechanics (seismogenic sources, hypocenter, fault type, fault
rupture length), 3) regional attenuation (epicentral distance between the
source and recording site, Q), and 4) local ground response (thickness
and physical properties of the soil-rock column). Soil-structure
interaction, which occurred in the 1985 Mexico earthquake, is an
important consideration in earthquake-resistant design.

LS 2012$



urban scale as possible. Several categories of data can be identifed,
including: seismicity, gravity and magnetics, well logs, seismotectonic
data, fault trenching data, stress measurements, seismic reflection
profiles, ground failure data, soils data, ground motion data, inventory of
structures, damage assessments, bibliographic references, publications, and
maps. Because of the potentially large scope of the task, care must be
exercised to create a system that is both practical and economical. An
initial task is to create a "directory of researchers"” for the Puget Sound

area.

Task 2: Evaluation and Synthesis of Hazards Information - The goal is to

use new and existing data to produce synthesis reports and maps describing
the state-of-knowledge about earthquake hazards (ground shaking, surface
faulting, earthquake-induced ground failures, and tectonic deformation) in
the region and to recommend future research to increase the state-of-

knowl edge required for the devel opment and implementation of 1loss-reduction
measures. The research will provide a fundamental understanding of the
cause, nature, and physical effects of each earthquake hazard. Devel opment
of models (hypotheses) and analysis of data are important aspects of this

task.

Task 3: Ground Motion Modeling - The goal is to dévelop deterministic and

probabilistic ground motion models and maps. Commentaries will be provided
so that others can use the models for generating ground-shaking hazard maps
and for evaluating the sensitivity of uncertainty in median values of

important physical parameters.

Task 4: Loss Estimation Models - The goal is to devise economical methods

of acquiring inventories of structures and developing a standard model for
loss estimation. Commentaries on the use of such a model and its
limitations will be provided so that others can use it. Loss estimates will

be produced for several specific planning scenarios.

Task 5: Implementation - The goal is to foster implementation of loss-

reduction measures in urban areas. 1In an urban area, the severity of an

earthquake disaster depends upon three factors: a) the magnitude of the
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earthquake——-the larger the magnitude the greater the potential for
damaging levels of ground shaking and other earthquake hazards, b) the
location of the earthquake source relative to an urban area--except in
special cases such as the 1985 Mexico earthquake, the closer the source
of energy release to an urban area, the greater the potential for damage,
and c) the degree of earthquake preparedness within the urban area—-the
smaller the number of loss reduction measures adopted by the local
community and the lower the level of preparedness, the greater the

potential for a disaster having great loss of life and economic loss.

To increase the state-of-preparedness in an urban area, conferences and
workshops will be convened to bring together producers and users of
earthquake hazards information. Participants representing business and
industry, the private sector, Federal, State, and local government will
be involved in the conferences and workshops. Proceedings of the
conferences and workshops will be communicated to a wide audience,

promul gating the research results and recommending specific actions,
based on these research results, that will increase the overall state-of-

preparedness.

The external scientific and engineering community are participating in this
program element through the USGS' program of grants and contracts. In 1986,
the Puget Sound, Washington area was assigned 3rd priority in terms of
allocation of external USGS resources, following‘the Wasatch Front, Utah area
(first), and California.

THE 1985 CHILE EARTHQUAKE

Information on the large earthquake (MS = 7.8) that occurred near Valparaiso,
Chile, on March 3, 1985, is included in this report because the experience and
information provided by the 1985 Chile earthquake are considered to be very
relevant to three regions of the United States: the Puget Sound area,
Southern Alaska, Washington, and Puerto Rico. Similar effects as those in the
Chile earthquake could happen in each of these three regions. All four
regions have a similar tectonic setting, namely a subduction zone where one

tectonic plate is sliding at the rate of several inches per year beneath
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another tectonic plate (see Figure 1). The world's greatest earthquakes
(e.g., 1960 Chile earthquake (Mw = 9.5) and 1964 Prince William Sound, Alaska,
earthquake (Mw = 9.2)) have occurred in subduction zones. The 1960 and 1985
Chile earthquakes were caused by subduction of the Nazca tectonic plate
beneath the South American plate. The 1985 Chile earthquake caused 176
deaths, 2500 injuries, and economic losses from architectural and structural
damage to buildings and lifelines of about $2 billion. Unreinforced masonry
and adobe buildings sustained the greatest damage from ground shaking.
Although, well-engineered buildings generally performed well, a hospital
suffered extensive damage, indicating the need for stringent earthquake-
resistant design criteria for critical facilities and tough inspection

standards and enforcement procedures.

THE 1985 MEXICO EARTHQUAKE

A month before the workshop, a great earthquake occurred in Mexico on
September 19, 1985. This earthquake was the most devastating earthquake of
the past decade in North America. It severely damaged parts of Mexico City,
the world's most populated metropolitan area. Because it was also a
subduction zone earthquake having potential relevance for Puget Sound, Alaska,

and Puerto Rico, its effects are summarized below for completeness.

The great 1985 Mexico earthquake, initially rated as M, = 7.8 but later
upgraded to M/ = 8.1, occurred at a depth of 18 km (11 mi) in the Mexico
trench subduction zone where the Cocos tectonic plate is being subducted
beneath the North American plate at the rate of about 3 cm/year. The
existence of a possible seismic gap in this portion of the Cocos plate and a
general forecast of a large earthquake having an average recurrence interval
of about 35 years had been made in 1981 by McNally. The exact time of the
earthquake had not been specified, however. This earthquake was noteworthy
because about 300, 5 to 20 story buildings located in part of Mexico City,
(about 250 miles from the epicenter) collapsed partially or totally, causing
an estimated 10,000 deaths, numerous injuries, and economic losses of possibly

$5 to 10 billion. A quarter million people lost their homes.
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Because of prior planning by American and Mexican scientists and engineers, a
number of strong motion accelerographs were in place in the epicentral area at
the time of the earthquake and recorded ground motions in the order of 0.18 g,
a low value for a great earthquake. Both the epicentral region and a part of
Mexico City were assigned an intensity of IX on the Modified Mercalli
Intensity scale. The extraordinarily high degree of damage at this large
epicentral distance according to Rosenbleuth (1986) was mainly due to a double
resonance phenomenon (called soil-structure interaction) involving the ground
response and the building response. The long period (2 second) ground motion
was amplified by the 50-meter thick, water-saturated, ancient lake bed
underlying part of Mexico City. The amplified ground motion was amplified
again by the 5 to 20 story buildings because the resonant period of the ground
was very close to the resonant period of the buildings, especially as damage
caused some of the building periods to lengthen. The ground motion had a
duration of more than 3 minutes (see Figure 8). The lake beds were recognized
in 1964 by Zeevaert as having a characteristic site period of about 2 seconds,
the natural period of vibration of a typical 20-story building. Past distant
earthquakes (e.g., 1957 and 1962 Mexico earthquakes) had also caused damage in

Mexico City that was attributed to site amplification by the lake bed.

A building code including a factor for soil conditions has been adopted and
implemented in Mexico City since 1976, but it was not appropriate for the most
severe effects of this great earthquake in the lake bed zone. However,
buildings built after 1976 performed better than those built before 1976. 1In
the 1985 earthquake, six buildings collapsed at the Mexico General Hospital;
about 400 doctors, nurses, and patients were trapped in the ruins of the
Juarez hospital, just 8 blocks from the Presidential Palace. Government
buildings, as a group, sustained considerable damage. Long distance
telecommunications with the rest of the world were interrupted for several
days after the earthquake due to the destruction of the main microwave

transmitter and the lack of a redundant, backup system.

The strong motion data, from the Mexico earthquake, together with the data
acquired in the March 3, 1985, Chile earthquake, provide an unprecedented
strong-ground motion data sample for subduction zone earthquakes recorded near

the source.
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Figure 8.--Accelerogram (top) recorded in a free field location on the surface
of the 50-meter-thick lake bed forming the foundation in parts of Mexico
City. The epicenter of the September 19, 1985 Mexico earthquake was
located some 250 miles to the west. The strong 2 second period energy in
the acceleration, velocity (middle) and displacement (bottom) time
histories are a consequence of the filtering effects of the lake bed
which has a resonant period of about 2 seconds. The ground motion was
amplified about a factor of five relative to adjacent sites underlain by
firmer rock-like materials. The approximate coincidence of the dominant
period of ground shaking with the fundamental period of vibration of the
5-20 story buildings located in the lake bed zone contributed to their
partial and total collapse. These records were provided by the
Universidad Nacional Autonoma de Mexico.
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ASSESSMENT OF EARTHQUAKE HAZARDS AND POTENTIAL RISK

A schematic illustration of the total range of the subject that must be
considered in order to assess potential risk and to foster implementation of
loss-reduction measures is shown in Figure 9. The assessment of the potential
risk (chance of loss) in an urban area from earthquake hazards is a complex
task requiring three models: 1) an earthquake hazards model, 2) an exposure
model (inventory), and 3) a vulnerability model. Each model is described
briefly below with additional detail being provided by the papers contained in

this report.

Earthquake Hazards Model (See papers by Crossen, Heaton, Schwartz, Ihnen,

Grant, Preuss, and Bernard.) Assessment of risk in Puget Sound is closely
related to the capability to model the earthquake hazards of ground shaking,
surface fault rupture, earthquake induced ground failure, tectonic
deformation, and tsunamis. Most of the spectacular damage and losses in an
earthquake are caused by partial or total collapse of buildings as a
consequence of the severity of the horizontal ground shaking. However, ground
failures triggered by earthquake ground shaking can also cause substantial
damage and losses. For example, during the 1964 Prince William Sound, Alaska,
earthquake, ground failures accounted for about 60% of the estimated $500
million total loss with landslides, lateral spread failures, flow failures,
and liquefaction causing damage to highways, railway grades, bridges, docks,
ports, warehouses, and single family dwellings. Surface faulting, which
generally affects a long narrow area, has not occurred in the Puget Sound
area. Surface faulting, which generally occurs in earthquakes of magnitude
5.5 or greater in California and Nevada, has damaged lifeline systems and
single family dwellings, but has not directly caused deaths and injuries.
Tsunamis have occurred in Puget Sound, Alaska, Hawaii, Puerto Rico, and the

Virgin Islands, and have caused substantial loss of life and damage.

The earthquake hazards model seeks to characterize the nature and extent of

each hazard by finding explicit answers to the following questions:
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Figure 9.--Schematic illustration of the wide range of subjects that must be
considered in the assessment of regional earthquake hazards and risk of
the Puget Sound area. Three models: a) earthquake hazards, b) exposure,
and c) vulnerability are needed. Incorporation of new knowledge from
damaging earthquakes is an important part of the process that fosters
implementation of effective loss-reduction measures.

oDl 201xs



1. Where have past earthquakes occurred? Where are they occurring now?
2. Why are they occurring?
3. How often do earthquakes of a certain size (magnitude) occur?

4. How bad (severe) have the physical effects (hazards) been in the
past? How bad can they be in the future?

5. How do the physical effects (hazards) vary spatially and temporally?
The answers to these questions are used to define the critical, controlling
physical parameters for each hazard. For example, the amplitude, frequency
composition, and duration of horizontal ground shaking are the three

parameters of ground shaking that correlate best with damage.

Exposure Model (See paper by Olsen). The spatial distribution of things and

people exposed to earthquake hazards is called inventory. The inventory is

one of the most difficult models to characterize.

For risk assessments, the term structure is used to refer to any object of
value that can be damaged by the earthquake hazards of ground shaking, surface
faulting, ground failure, tectonic deformation, and tsunami wave run up. The

various categories of structures include:

1. Buildings (residential, agricultural, commercial, institutional,

industrial , and special use).

2. Utility and transportation structures (electrical power structures,

communications, roads, railroads, bridges, tunnels, air navigational

facilities, airfields, and waterfront structures).

3. Hydraulic structures (earth, rock, or concrete dams, reservoirs,

lakes, ponds, surge tanks, elevated and surface storage tanks,

distribution systems, offshore platforms, and petroleum systems).
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4. Earth structures (earth and rock slopes, major existing landslides,

snow, ice, or avalanche areas, subsidence areas, and natural or
altered sites having scientific, historical, or cultural

significance).

5. Special structures (conveyor systems, sky lifts, ventilation systems,

stacks, mobile equipment, tower, poles, signs, frames, antennas,
tailing piles, gravel plants, agricultural equipment, furnishings, and

shelf items in the home).
A structure consists of many elements. To predict losses, the contribution of
each individual element to the total response of a structure responding to the

dynamic forces induced by ground motion (or another hazard) must be modeled.

Vulnerability Model (See paper by Olsen). Vulnerability is a term describing

the susceptibility of a structure or a class of structures to damage. The
prediction of the actual damage that a structure will experience when
subjected to a particular hazard (such as ground shaking) is very difficult as

a consequence of:

l. Irregularities in the quality of the design and construction (for
example, some building are designed and built according to a building

code; some are not).
2. Variability in material properties.

3. Uncertainty in the level of ground shaking induced in the structure as

a function of magnitude, epicentral distance, and local site geology.

4, Uncertainty in the response of the structure to earthquake ground

shaking, especially in the nonlinear range after failure occurs.

A fragility curve can be used to represent failure of a specific type of
structure (or a structural system) when it is exposed to the dynamic forces
induced by ground shaking. For most structures, damage occurs as a function

of the amplitude, frequency composition, and duration of horizontal ground
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shaking and manifests itself in various states ranging from "no damage"” to
"collapse.” Specification of the damage states of a structure is very
difficult because each state of damage is a function of the lateral-force-

resisting system of the structure and the severity of the hazard.

OPTIONS FOR RESEARCH AND MITIGATION (See papers by Hays, Nosen, Bolton). In

conjunction with an assessment of the potential risk from earthquake hazards,

answers are needed for the following questions:

l. What are the viable options for mitigating potential losses from

earthquake hazards? Which options are best?

2. What research is needed to provide sound technical and societal bases

for devising loss-reduction measures (that is, development of a

technology or methodology).
3. How is technology transferred?

The answers to these questions encompass a wide range of possibilities and

. provide mitigation options such as the following:

l. Personal and institutional preparedness (See paper by Linda Noson)--

prepare on an individual and institutional basis for the wide range of
impacts that are expected to occur, taking advantage of efficiencies

provided by preparation for other natural hazards such as floods.
2. Avoidance (See papers by Preuss and Buck)--when the spatial
characteristics of the hazard are known, select the least hazardous

areas for construction sites.

3. Land-use regulation (See papers by Preuss and Buck)--reduce the

density of certain types of buildings and facilities or prohibit their
construction within parts of the area characterized by a relatively

high frequency of occurrence or severity of damage.
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4. Engineering design criteria and building codes (see papers by Hays and

OLsen)—--require buildings to have a lateral-force-resisting system that
is appropriate in terms of the frequency of occurrence and the severity
of the hazard expected in a given exposure time (for example, an exposure
time of 50 years which corresponds with the useful life of ordinary
buildings). Incorporation of lessons learned from past damaging

earthquake is needed to improve earthquake-resistant design.

5. Distribution of 1osses——use insurance and other financial methods to

distribute the potential losses expected in a given exposure time.

6. Response and recovery (See papers by Buck, McCallum)--plan response and

recovery measures that will address all of the needs identified in

realistic earthquake disaster planning scenarios.

7. A seismic safety organization (see paper by Steinbrugge)--devise public

policy and plans to achieve seismic safety. (Note: such organizations
now exist in California, Kentucky, South Carolina, Massachusetts, and New

York).

8. Technology transfer—--initiate a specific program of technology tranmsfer

to augment local resources by taking advantage of advances in knowledge

and mitigation made in other parts of the United States (Figure 10).

WORKSHOP PROCEDURES

The procedures used in the workshop and meeting of the "Workshop Group” were
designed to enhance the interaction between all participants and to facilitate
achievement of the general and specific objectives. The first four procedures
described below were used in the first 2-days of the workshop; the fifth was used
on the third day in the meeting of the "Working Group:"

PROCEDURE 1: Scientists, social scientists, engineers, planners, and emergency

management specialists gave oral presentations in four plenary sessions to

provide basic information on the themes of the workshop.
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Figure 10.--Schematic illustration of the basic components of a program of
technol ogy transfer for the Puget Sound area. Each part of the United
States has faced the problem of earthquake hazards and has developed
technical data bases and specific strategies for implementing 1oss-
reduction measures. Some elements of the data bases and experiences are
transferrable at low cost and effort to the Puget Sound. With
cooperation over a 3-5 year period, much can be accomplished.
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PROCEDURE 2: Research reports and preliminary technical papers prepared in
advance by the speakers were distributed at the workshop and used as basic
references. The technical papers prepared by the speakers were finalized after

the workshop and are contained in this publication.

PROCEDURE 3: Three discussion groups met simultaneously to work and discuss a
set of problems prepared: a) to illustrate methodology, b) to define the nature
and extent of potential earthquake hazards in the Puget Sound area, and c) to

provide a framework for answering the question:

If the 1949 and 1965 Puget Sound earthquakes recurred today, what

types of physical effects are likely to occur and how severe could

the losses be?

PROCEDURE 4: The participants were assigned randomly to a second set of three
discussion groups. The goal was to identify the priority actions that are needed
in the next 3 to 5 years to reduce potential losses from future earthquake

hazards in the Puget Sound area. Each group addressed the questions:
1. What do we know now?
2. What do we still need to know in order to accomplish our goals?

3. What achievable activities should receive the highest priority in the

next 3 to 5 years?

Group l: Concentrated on regional geologic and seismological studies needed to
assess the earthquake potential of the Puget Sound area and to define the ground-
shaking hazard. The Moderator was Walter Hays, USGS.

Group 2: Concentrated on scientific and engineering studies needed to assess the
ground failure hazards in the Puget Sound area. The Moderator was Darrell Herd,

USGS.

Group 3: Concentrated on actions needed to foster implementation of loss

reduction measures in the Puget Sound area. The Moderator was Paula Gori, USGS.
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PROCEDURE 5: Twenty-seven experts on various topics related to subduction
zone earthquakes and earthquake preparedness were invited to participate in a
special session on the third day of the workshop. The goal was to clarify, to
the extent possible, how the Puget Sound area fits the worldwide body of
knowledge on subduction zones that has been accumulated and to define specific
research tasks that might be undertaken to resolve technical issues that are
causing controversy. The meeting was scheduled so that specific information
could be provided to potential proposers in the annual Program Announcement of

the USGS' research program that was scheduled for December 1985.

PLENARY SESSIONS

Following an introduction of the workshop objectives and agenda by Walter
Hays, USGS, the highlights of the September 19, 1985, Mexico earthquake were
presented by E. V. Leyendecker of the National Bureau of Standards. The
workshop processes were developed in 4 plenary sessions and 2 sets of group
discussions involving all the participants. The themes, objectives, and

speakers for each plenary session are described below.

PLENARY SESSION I: Review of current studies and the state-of-the-art in

identifying and assessing earthquake hazards in the Puget Sound area.

Objective: An integrated series of overview presentations answering the
questions: WHERE? WHY? HOW BIG? HOW OFTEN? WHAT ARE THE PHYSICAL EFFECTS
OF GROUND SHAKING, EARTHQUAKE-INDUCED GROUND FAILURE, SURFACE FAULTING,
REGIONAL TECTONIC DEFORMATION, AND TSUNAMIS? WHAT ARE THE POTENTIAL LOSSES
FROM THESE PHYSICAL EFFECTS? and WHAT ARE THE OPTIONS FOR MITIGATING THESE
LOSSES?

Speakers: Geological and seismological setting of the Puget Sound area
—-Robert Crosson, University of Washington
—-Darrell Cowes, University of Washington
--Craig Weaver, U.S. Geological Survey

The potential for a major earthquake in the Puget Sound area and a

preliminary assessment of some of its possible effects
——Tom Heaton, U.S. Geological Survey
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Tsunami potential in the Puget Sound area
—--Jane Preuss, Urban Regional Research

The potential for ground failures in the Puget Sound area
——Paul Grant, Shannon and Wilson, Inc.

Evaluation of potential losses in the Puget Sound area—-—
Extrapolation from 1949, 1965, and 1976 to the present
——Bruce Olsen, Consulting Engineer

PLENARY SESSION II: Review of lessons learned from past earthquakes that are

applicable to the Puget Sound area

Objective: Presentations describing the scientific, engineering, and societal
lessons gained from past worldwide earthquakes that can be transferred to the

Puget Sound area
Speakers: Societal lessons
——Patricia Bolton, Batelle Human Affairs Research Center

Technical lessons
—-Walter Hays, U.S. Geological Survey

PLENARY SESSION ITII: Review of earthquake preparedness and planning programs

in the Puget Sound area

Objective: Presentations giving the status of important programs in the Puget
Sound area that provide answers to the question, "Is the Puget Sound area

prepared for a major earthquake?”

Speakers: Earthquake education
--Linda Noson, University of Washington (State Seismologist)

Status of earthquake preparedness planning
—-Bill Mayer, Federal Emergency Management Agency, Region X
——Larry McCallum, Washington Department of Emergency Management

Comments on mitigation activities of the Federal Emergency
Management Agency
——Gary Johnson, Federal Emergency Management Agency, National Office

Building codes, current practices, and possible changes that would
affect the potential performance of buildings in the Puget Sound area
in a major earthquake

—=Bruce Olsen, Consulting Engineer
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PLENARY SESSION IV: RECOMMENDATIONS FOR NEXT STEPS

Speakers : Functions of a Seismic Safety Organization
--Karl Steinbrugge, Consulting Engineer

Technical , societal, and political issues that need to be resolved in
the Puget Sound area and actions for recommended research, mitigation
actions, and response and recovery planning needed in the next 3 to 5
years

—-Wal ter Hays, U.S. Geological Survey

--Gary Johnson, Federal Emergency Management Agency, National Office
—-Jerry Thorsen, Washington State Department of Natural Resources
--Bill Mayer, Federal Emergency Management Agency, Region X

—-Larry McCallum, Washington State Department of Emergency Management

DISCUSSION GROUPS AMD QUESTIONNAIRES

Two discussion periods were scheduled. The first period was used to discuss
typical problems. In the second period three groups were formed to identify
priority actions that are needed to reduce potential losses from future
earthquake hazards in the Puget Sound area. Each group used at least one of
the following four questionnaires to focus the discussion on: What do we know
now? What do we still need to know in order to accomplish our goals? What
achievable activities should receive the highest priority in the next 3-5

years?

The moderators of the three discussion groups were: Group l1--Walter Hays,

USGS; Group 2--Darrell Herd, USGS; and Group 3--Paula Gori, USGS

Each participant was given the following instructions with the four

questionnaires:

On the basis of your knowledge and perceptions select the status that you

believe to be appropriate for each research study and research product, where:
Number 1 means that we know very little and lack empirical and theoretical
knowledge. Implementation is not yet feasible.

Number 2 means that we have limited empirical and theoretical knowledge.
Implementation is not yet credible.

Number 3 means that we have adequate empirical and theoretical knowledge to

solve the problem in a general way. Implementation is feasible and has an
acceptable technical basis, but controversy exists.
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Number 4 means that we have sufficient empirical and theoretical knowledge to
solve the first order problem reasonably accurately. Implementation is
credible and can be fostered with minimal controversy.

Number 5 means that we have the required empirical and theoretical knowledge
to solve the first order problem completely. Implementation of loss reduction
measures can be achieved and the appropriate partnerships exist to produce the
required legislation and to enforce it.

Select the appropriate priority, where priority 1l means that this research
activity or product development should receive first priority, etc.

QUESTIONNAIRE I: STATUS OF RESEARCH ON EARTHQUAKE AND TSUNAMIGENIC POTENTIAL
IN THE PUGET SOUND, WASHINGTON AREA

Research topic Status Recommended Priority
for next 3 to 5 years

RESEARCH

1. Historic seismicity 1 2 3 4 5 1 2 3
2. Current seismicity 1 2 3 4 5 1 2 3
3. Activity of specific faults 1 2 3 4 5 1 2 3
4. Tectonic setting 1 2 3 4 5 1 2 3
5. Seismic gaps 1 2 3 4 5 1 2 3
6. Seismogenic sources 1 2 3 4 5 1 2 3

(subduction zone)

7. Earthquake recurrence 1 2 3 4 5 1 2 3
8. Tsunamigenic sources 1 2 3 4 5 1 2 3
PRODUCTS

1. Seismicity maps 1 2 3 4 5 1 2 3
2. Map of seismogenic zones 1 2 3 4 5 1 2 3
3. Map of tsunamigenic zones 1 2 3 4 5 1 2 3
4. Fault activity map 1 2 3 4 5 1 2 3
5. Seismotectonic maps 1 2 3 4 5 1 2 3
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QUESTIONNAIRE II: STATUS OF RESEARCH ON THE GROUND SHAKING HAZARD IN THE
PUGET SOUND, WASHINGTON AREA
Research topic Status Recommended Priority
for next 3 to 5 years

RESEARCH
1. Seismogenic zones 1 2 3 4 5 1 2 3
2. Attenuation laws for acceleration 1 2 3 4 5
3. Attenuation laws for velocity 1 2 3 4 5 1 2 3
4, Attenuation laws for spectral

velocity ordinates 1 2 3 4 5 1 2 3
5. Duration 1 2 3 4 5 1 2 3
6. Engineering properties

of soil and rock 1 2 3 4 5 1 2 3
7. Local ground response 1 2 3 4 5 1 2 3
PRODUCTS
1. Map of seismogenic zones 1 2 3 4 5 1 2 3
2. Probabilistic maps of

ground shaking hazard 1 2 3 4 5 1 2 3
3. Maps of ground shaking

hazard for specific scenarios 1 2 3 4 5 1 2 3
4, Maps of seismic risk zones 1 2 3 4 5 1 2 3
5. Engineering properties

of surficial deposits 1 2 3 4 5 1 2 3

QUESTIONNAIRE III: STATUS OF RESEARCH ON THE GROUND-FAILURE HAZARD IN THE
PUGET SOUND, WASHINGTON AREA

Research topic Status Recommended Priority
for next 3 to 5 years

RESEARCH
1. Liquefaction potential 1 2 3 4 5 1 2 3
2. Landslide susceptibility 1 2 3 4 5 1 2 3
3. Reactivation of old landslides
4. Characterization of sensitive

clay behavior 1 2 3 4 5 1 2 3
5. Characterization of foundation 1 2 3 4 5 1 2 3

materials
PRODUCTS
1. Regional liquefaction maps 1 2 3 4 5 1 2 3
2. Regional landslide

susceptibility maps 1 2 3 4 5 1 2 3

3. Maps of sensitive clay formations 1 2 3 4 5 1 2 3
4, Dam inmundation maps 1 2 3 4 5 1 2 3
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QUESTIONNAIRE IV: IMPLEMENTATION OF SPECIFIC ACTIONS TO REDUCE POTENTIAL
LOSSES FROM EARTHQUAKE HAZARDS IN THE PUGET SOUND, WASHINGTON AREA
Topic Status Recommended Priority
for next 3 to 5 years

RESEARCH
l. Siting considerations

for new construction. 1 2 3 4 5 1 2 3
2. Delineation of the hazard

for emergency response purposes. 1 2 3 4 5 1 2 3

3. Local planning tools
(comprehensive planning,

zoning, and building codes). 1 2 3 4 5 1 2 3
4. Education programs for
decisionmakers. 1 2 3 4 5 1 2 3

5. Education programs for the

general public including

school children. 1 2 3 4 5 1 2 3
6. Research on hazard laws which

are hazard specific

(lateral spreading, fault

rupture, tsunami, etc.). 1 2 3 4 5 1 2 3
7. Warning system hazard awareness

and personal preparedness. 1 2 3 4 5 1 2 3
8. Liability and insurance products. 1 2 3 4 5 1 2 3
9. Studies pertaining to level

of exposure and definition

of "reasonable” level of risk. 1 2 3 4 5 1 2 3
PRODUCTS
1. 1Improved model warning

procedures. 1 2 3 4 5 1 2 3

2. Preparation of model codes

and plans (comprehensive

planning and zoning). 1 2 3 4 5 1 2 3
3. Educational (curriculum

packages pertaining to

earth sciences). 1 2 3 4 5 1 2 3
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SUMMARY OF RECOMMENDATIONS OF DISCUSSION GROUPS

Using the 4 questionnaires presented above as a frame of reference to focus
discussion, the discussion groups arrived at a number of consensus-type
conclusions. They are summarized below in the context of each questionnaire.

I. Earthquakes and tsunamigenic Potential Status Priority
A. Research

Historical Seismicity 3 1
Current Seismicity 3 2
Activity of Specific Faults 2 3
Tectonic Setting 2 3
Seismic Gaps 2 3
Seismogenic Sources 2 1
Earthquake Recurrence 2 1
Tsunamigenic Sources 2 1
B. Products
Seismicity Maps 3 2
Map of Seismogenic Zones 2 1
Map of Tsunamigenic Zones 2 2
Fault Activity Map 2 3
Seismotectonic Maps 2 2
II. Ground-Shaking Hazard Status Priority
A. Research
Seismogenic Zones 3 1
Attenuation law, acceleration 2 3
Attemuation law, velocity 2 3
Attenuation law, spectral velocity 1 1
Duration 2 3
Engineering Properties of Soil/Rock 3 2
Local Ground Response 2 1
B. Products
Map of Seismogenic Zones 2 1
Probabilistic Maps of Ground Shaking 3 3
Ground Shaking for Specific Scenarios 2 1
Map of Seismic Risk Zones for Building 3 2
Code
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